potato, SI type from sugar beet, and RF type from sugar beet. Strains with the same spore chain morphology but from different hosts showed low DNA homology values.
Tanii14) classified the strains that induce potato scab in Hokkaido into four groups based on a combination of spore chain morphology (SI or RF) and pigment productivity (+ or -). Tanaka13) examined the serological properties and DNA homologies of the strains in these four groups and concluded that all the SI type strains were classifiable as S. scabies. He identified the SI type strains lacking melanin productivity as S. scabies subsp. achromogenes, according to Elesawy and Szabo3). Because the serological properties of RF type strains without pigment production differed from those of S. acidiscabies, he proposed a new species, S. turgidiscabies. The RF type strains with pigment productivity were not identified because of the limited number of strains collected.
Symptoms of potato scab are classified into four groups; common, deep, tumulus, and superficial (russet) scab17). The cause of the variety of these disease symp-toms, however, is a matter of controversy. The phytotoxins produced by S. scabies were isolated by King et al.5 ) and named thaxtomins A and B. We confirmed that a Japanese strain isolated from a potato scab, deposited as S. scabies IFO13768, also produces thaxtomin A11). We also identified other phytotoxins; concanamycins A and B11).
The diversity of pathogenic organisms and disease symptoms, taxonomic confusion, and the production of two kinds of phytotoxins led us examine the relationship between the taxonomies of pathogens and phytotoxin production.
Phytotoxin production was examined in five strains (S-851, S-131, S-51, S-12 and S-15) that have distinct DNA homologies16) and in two type strains (S. scabies JCM 7914 (=ATCC491737)) and S. acidiscabies JCM7913 (= ATCC490038))). Each strain was cultured, and the resulting material treated as reported previously11), yielding a 10% MeOH-CHCl3 fraction from a silica gel column. This fraction was used in the HPLC analysis (Develosil ODS-5, 30% aq. CH3CN, UV 220nm) to examine thaxtomin production. For concanamycin analysis, it was further purified in a silica gel column using an EtOAc-nhexane solvent system. The concanamycins A and B eluted in the 90% EtOAc-n-hexane fraction were verified by HPLC (Develosil ODS-5, 70% aq. CH3CN, UV 245nm).
Phytotoxin production findings are shown in Table 1 . All the strains isolated from potato, with one exception (S-131), produced thaxtomin A, and the RF type strains tended to produce more thaxtomin A than the SI type strains. King et al.6) reported a positive correlation between the pathogenicity of S. scabies isolates and their ability to produce thaxtomin. Our findings that most of the strains tested produced thaxtomin A support this correlation.
Concanamycins A and B were produced only by SI type strains S-851 and S-131 isolated from potato. S. scabies JCM7914 also produced both thaxtomin A and concanamycins A and B. RF type strains S-51 and S. acidiscabies JCM7913 did not produce any concanamycin. The morphological and physiological properties of S-851 or S-131 and those of JCM7914 and of S-51 and JCM7913 were similar7, 8, 16) . If S-851 and S-131 are identified as S. scabies and S-51 as S. acidiscabies, then the pattern of toxin production coincides with the taxonomy. The DNA homologies between these strains are interesting.
Because S-131 showed pathogenicity in the inoculation test at isolation16), the lack of thaxtomin production by this strain suggests two possibilities;
S-131 lost this ability due to prolonged preservation and/or repeated subculture, or concanamycin itself also induces common scab symptoms.
Tashiro15) speculated that different potato scab symptoms are caused by different organisms: SI type strains induce common scab and RF type strains superficial or tumulus scab. In contrast, Loria et al. 9, 10) argued that the type of symptom depends on the thaxtomin A concentration in the lesion. Our findings that SI type strains produce both thaxtomin and concanamycins and that RF type strains produce only thaxtomin support the Tashiro's speculation.
To clarify whether concanamycins participate in the induction of scab symptom, efforts are being made to mass-produce concanamycins A and B and to determine whether their effects on potato tubers are independent of or synergistic with thaxtomin A. The production of thaxtomin and concanamycins at various types of potato tuber lesions also needs to be examined.
The two strains isolated from sugar beet roots that induce scab symptoms on potato produced only thaxtomin A. S-12 is remarkably similar to S. scabies in taxonomic characteristics such as melanin production, smooth surface spores, spiral spore chains, physiological properties, and pathogenicity to potato1,2), but it has only 30-40% DNA homology with S-851 and S-13116). This low DNA homology may explain the lack of concanamycin production by S-12. S-12 was isolated from the pitted and S-15 from the mound type symptoms of sugar beet scab2). S-15 induced mound type symptoms, whereas S-12 induced both pitted and mound type symptoms on sugar beet2). If the difference in symptoms is due to the kinds of toxin produced, S-12, S-15, or both, may produce phytotoxin (s) other than thaxtomin and concanamycins.
The study reported here was concerned with one or two strains in each taxonomic group. New species, S. turgidiscabies13), S. caviscabies4), and S. ipomoeae12), that were not included in our experiments, have recently been reported. Investigation of more strains in each taxonomic group and of a wider range of species is needed to confirm the foregoing speculations.
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